Summary There exists growing interest in immediate post-operative local adjuvant therapy after resection of intestinal malignancies. It is therefore necessary to assess its potential effect on the healing of intestinal anastomoses. Five groups (n = 20) of rats underwent resection and anastomosis of both ileum and colon: a control group and four experimental groups receiving intraperitoneal 5-fluorouracil (5-FU), 5-FU plus leucovorin, 5-FU plus levamisole or levamisole alone, on the day of surgery and the next 2 days. Animals were killed 3 or 7 days after operation. Another three groups (n = 6) of animals were used to compare anastomotic collagen synthetic capacity in control rats or rats receiving 5-FU or 5-FU plus levamisole. On the third post-operative day, the average anastomotic bursting pressure in the 5-FU/levamisole group was reduced by 36% as compared with the control group, both in ileum (P = 0.02) and in colon (P = 0.01). Values in the other groups were similar to those in the control group. Anastomotic breaking strength was significantly (P<0.025) lowered in the ileum from the levamisole group at both days 3 and 7. Anastomotic collagen synthetic capacity was strongly reduced in the 5-FU and 5-FU/levamisole groups. However, there was no significant difference between the control group and the four experimental groups with regard to anastomotic hydroxyproline concentration and content, either 3 or 7 days after operation. Thus, limited use of levamisole, alone or in combination with intraperitoneal 5-FU, may compromise intestinal healing.
The recurrence rate is high after surgical treatment of colorectal cancer. This has prompted extensive clinical investigations into the use of chemotherapy as an adjunct to surgery. Until now, disappointing results have been obtained despite enormous preclinical and clinical research efforts. Although a meta-analysis of its use shows only limited benefit (Buyse et al., 1988) , 5-Fluorouracil (5-FU) remains the most effective single agent, and current research aims to improve its efficacy by combinations with other agents (Mayer, 1992; Kemeny et al., 1993) . A number of studies have confirmed an improved therapeutic activity if 5-FU is combined with folinic acid (leucovorin) (Mayer, 1992; Kemeny et al., 1993) , while the combination of 5-FU with levamisole also attracts considerable attention (Moertel et al., 1990; Stevenson et al., 1991) . Major questions still to be resolved in the treatment of patients by surgery and subsequent adjuvant chemotherapy include, next to the choice of cytostatic agents, timing and route of administration.
Recurrent disease is mainly found in the liver, at the operative site and on the peritoneal surface. It has been suggested that intraperitoneal chemotherapy would be better than systemic chemotherapy since it lowers the likelihood of systemic complications while being efficient at the sites of both local and distant -hepatic -recurrences (Cunliffe and Sugarbaker, 1989) . Intraperitoneal 5-FU reportedly prevents hepatic metastasis in experimental colon cancer (Nordlinger et al., 1991) . Since the efficiency of adjuvant therapy appears to be reduced with increasing time interval between operation and administration of cytostatic agents (Fisher et al., 1993) , there are excellent reasons to start treatment immediately after operation (Harris and Mastrangelo, 1991) when the tumour burden is small. As a consequence, there exists growing interest in immediate post-operative local adjuvant therapy after resection of intestinal malignancies (Sugarbaker et al., 1990; Sugarbaker, 1994) . A number of studies using immediate post-operative intraperitoneal 5-FU are in progress Graf et al., 1994 (Martens et al., 1992a) . Daily intraperitoneal administration of 5-FU alone from the day of surgery onwards until sacrifice after 7 days strongly inhibits anastomotic repair in the rat intestine (Graf et al., 1992; de Waard et al., 1995 were killed 3 and 7 days after operation. Collagen synthesis was measured in three groups of animals (n = 6): a control group, a 5-FU group and a group which received 5-FU plus levamisole. These rats were killed 3 days after operation.
The study was approved by the Animal Ethics Review Committee of the Faculty of Medicine, University of Nijmegen.
Drug administration 5-FU (Abic, Netanya, Israel) was given intraperitoneally in a dose of 20 mg kg' body weight (concentration 1 mg ml' saline). This is the same dose we used previously (de Waard et al., 1993 (de Waard et al., , 1995 and represents the highest dose which, in combination with surgery, did not result in a significant mortality. Levamisole (Janssen, Beerse, Belgium) was given orally, by means of a stomach tube, in a dosage of 5 mg kg-' body weight. Leucovorin (Cyanamid, Etten-Leur, The Netherlands) was administered intravenously in a dosage of 10 mg kg'-body weight. All drugs were given once a day, on the day of operation and the next 2 days. The animals in the control groups received intraperitoneal saline daily.
Operative procedure After an intraperitoneal injection of sodium pentobarbital, a midline incision was made and 1 cm of both small and large bowel was resected at 15 cm proximal to the ileocaecal junction and 3 cm proximal to the rectal peritoneal reflection respectively. Continuity was restored microsurgically by the construction of an inverted one-layer seromuscular end-toend anastomosis with eight interrupted sutures of 8 x 0 monofilament material (Ethicon, Sommerville, USA). The abdomen was closed in two layers with a continuous 3 x 0 silk suture for the fascia and staples for the skin. lected tissue explants of 1-2 mm2, collected from control segments removed at operation and from anastomotic tissue removed 3 days after operation, were incubated in medium containing [3H] proline for 3 h and the radioactivity incorporated into total protein was counted. Subsequently, in order to determine proline incorporation into collagen, excess purified collagenase was added. The radioactivity in the supernatant represents CDP, as a measure of the amount of collagen synthesised. Subtraction of the radioactivity in the CDP fraction from that in total protein yields the incorporation into non-collagenous protein (NCP). The relative collagen synthesis (RCS) was calculated with the formula (Peterkofsky et al., 1981) 
Results

Analytical procedures
The rats were killed by an intraperitoneal overdose of sodium pentobarbital. After opening the abdominal wound and identifying the anastomoses, the adhesions were cut as far as possible without injuring the intestine. An intestinal segment with the anastomosis in the middle was removed, with the sutures left in place. This segment was attached to an infusion pump filled with methylene blue-stained saline. The pressure was raised with an infusion rate of 4 ml min-' and recorded graphically. Both the bursting pressure, i.e. the maximum pressure recorded immediately before sudden loss of pressure, and the site of rupture were noted. Thereafter, the segment was placed in a tensiometer and the breaking strength was recorded. Thus, both the bursting pressure and breaking strength were measured in the same anastomotic segment. The validity of this procedure had been confirmed in a pilot experiment. Two groups of 20 animals were operated and killed after 3 or 7 days (n = 10 each). In the first group, only the anastomotic breaking strength was measured: in the ileum, average values were 23 ± 7 (s.d.) g at day 3 and 128 ± 35 g at day 7. In the second group, measurement of the bursting pressure preceded analysis of the breaking strength. Still, the breaking strength in this group reached similar levels, 19 ± 12 g and 127 ± 33 g respectively. Likewise, similar values for the colonic breaking strength were found in both groups.
The anastomotic segment was then cleaned from the surrounding tissue and a 5 mm segment with the suture line in the middle was collected. The samples were frozen immediately and stored in liquid nitrogen until processing. After weighing, the samples were pulverised and lyophilised and the hydroxyproline content was measured as described previously (Hesp et al., 1984) .
Collagen synthesis was analysed as the ex vivo collagen synthetic capacity in intestinal explants by measuring the incorporation of proline into collagenase-digestible protein (CDP), according to a procedure validated before for rat intestinal tissue (Martens et al., 1992b) . Briefly, freshly colNo animals died prematurely. All rats lost weight after operation. In the control group the average maximal weight loss was 9% on the first post-operative day. Thereafter, animals regained weight. At day 7, the average body weight was 106% of weight before operation. Rats in all four experimental groups exhibited qualitatively and quantitatively similar changes in body weight.
The average anastomotic bursting pressure -a measure of resistance to increasing intraluminal pressure -at day 3 is depicted in Figure 1 . At this time point, the bursting site was always within the suture line. 5-FU, administered either alone or in combination with leucovorin, did not significantly lower the bursting pressure. However, if levamisole and 5-FU were given simultaneously, the anastomotic bursting pressure was significantly reduced by 36%, both in the ileum (P = 0.02) and in the colon (P = 0.01). Levamisole alone had no effect. Figure 2 . The breaking site was invariably within the wound area both 3 and 7 days after operation. At day 3, similar values were found in the control, 5-FU and 5-FU/leucovorin groups. The average breaking strength in both the 5-FU/ levamisole and the levamisole group was lower than in the control group. However, this effect was only significant (P = 0.016) in ileal anastomoses in the levamisole group. At day 7, ileal anastomoses in the 5-FU/leucovorin (P = 0.018) and levamisole (P = 0.025) groups were significantly weaker than those in the control group. This was almost (P = 0.038) the case for colonic anastomoses in the 5-FU/levamisole group.
Hydroxyproline, as a measure of collagen, was quantitated in 5 mm segments containing the anastomosis (Figure 3 ). No differences between the control group and the various experimental groups were observed. In the control group the hydroxyproline content increased from day 3 to day 7 by a factor of 2.7 in ileal anastomoses and by a factor of 1.6 in colonic anastomoses. This increase was similar in the animals receiving the various cytostatic drugs. Likewise, no differences were found for the hydroxyproline concentrations in the anastomotic segments. Average hydroxyproline concentrations were 7.0 ± 1.3 and 9.6 ± 1.8 jig mg-' dry weight in 3-and 7-day-old ileal anastomoses respectively; corresponding values in colonic anastomoses were 9.7 ± 0.7 and 13.8 ± 1.9 pg mg-' dry weight. Similar values were measured in the experimental groups (data not shown).
We also compared the collagen synthetic capacity, measured ex vivo in tissue explants, in the control, 5-FU and 5-FU/levamisole groups 3 days after operation. In the control group, this was strongly increased in anastomotic tissue in comparison with control segments removed at operation (Figure 4) , 5-fold in ileum and nearly 3-fold in colon. In both experimental groups anastomotic collagen synthetic capacity, calculated on the basis of DNA content, was significantly reduced. This effect was also evident if collagen synthesis was expressed per anastomosis (d.p.m./total) or on the basis of wet weight or protein (Tables I and II) . Synthesis of noncollagenous proteins was affected less strongly, particularly in the ileum. We found no differences between the 5-FU and the 5-FU/levamisole groups.
Discussion
If resection of an intestinal tumour is followed immediately by adjuvant chemotherapy, this procedure constitutes a potential hazard for the healing anastomosis. The present results confirm that 5-FU alone, administered on the day of surgery and the next 2 days, does not significantly suppress the development of anastomotic strength in the first postoperative week. However, levamisole indeed appears to exert a negative effect in this respect. The strength of the intact and anastomosed intestinal wall is largely derived from collagen, the major structural protein in the submucosal layer. During the first post-operative days wound strength is thought to solely depend on the suture-holding capacity of existing collagen fibrils (Hogstrom et al., 1985) . From approximately 3 days after operation, the anastomosis starts to gain strength. Restoration of strength to the level of the uninjured intestine depends on de novo synthesis of collagen. In the control animals, the anastomotic collagen synthetic capacity is already strongly stimulated after 3 days and the anastomotic collagen (hydroxyproline) content increases considerably between 3 and 7 days after operation; a similar rise in breaking strength is observed over the same period. Administration of 5-FU until day 3 significantly reduces the collagen synthetic capacity in the anastomotic area without affecting anastomotic strength measured 3 or 7 days after operation. This indicates that the enhanced collagen synthetic capacity, which may be observed as early as 3 h after operation (Martens and Hendriks, 1991) is not necessary -at least not entirely -for retaining wound strength during the first post-operative days. The fact that the increase between 3 and 7 days in both anastomotic strength and collagen content is unimpeded in the 5-FU group means that the collagen synthetic capacity is normalised very quickly after cessation of drug administration. Alternatively, it could be argued that the collagen synthetic capacity normally observed in the wound area in fact constitutes an overcapacity: it is not fully used for collagen deposition and a moderate inhibition does not necessarily lead to diminished accumulation of wound collagen. Thus, immediate post-operative chemotherapy with 5-FU alone, administered for 3 days, appears to be relatively harmless for anastomotic integrity. However, if the drug is given over a longer period anastomotic strength is impaired (Graf et al., 1992; de Waard et al., 1995 1991). Levamisole, in conjunction with intravenous 5-FU, has already been given in a small study on the first 3 postoperative days following curative surgery for colorectal cancer (Windle et al., 1987) . Our results indicate that levamisole, administered immediately after operation alone or in combination with intraperitoneal 5-FU, may be harmful to the development of anastomotic strength. In particular, the bursting pressure of 3-day-old anastomoses is reduced in the 5-FU/levamisole group but not in the 5-FU group. Also, the average anastomotic breaking strength in the levamisole group is reduced after both 3 and 7 days, though significantly so only in the ileum.
Comparison of the collagen synthetic capacity in 3-day-old anastomoses yields no difference between the 5-FU and 5-FU/levamisole groups. We have already indicated above that at this time point anastomotic strength is probably independent of de novo collagen synthesis and largely depends on sold' collagen. Degradation of existing collagen fibrils, which provide strength to the matrix anchoring the sutures, may result in loss of wound strength. Although the anastomotic collagen content is similar in all groups, the methodology used would be unable to detect very localised loss of collagen restricted to, for instance, the immediate area around the sutures (Hendriks and Mastboom, 1990) . It may be that levamisole somehow stimulates collagenolysis. Levamisole has been reported to exert a broad range of immunomodulatory effects (Stevenson et al., 1991) . It increases the chemotactic response of granulocytes, which cells accumulate immediately after wounding in the anastomotic area and are an important source for collagenolytic enzymes (Hasty et al., 1990) . Also, levamisole up-regulates interleukin 1 (IL-1) production by macrophages (Kimball et al., 1992) , and IL-1 is known to strongly enhance collagenase production by fibroblasts and other cells (Circolo et al., 1991) .
Thus, our data suggest that limited use of 5-FU, in combination with leucovorin, may not be entirely harmless to anastomotic repair. Administration of levamisole, alone or in combination with 5-FU, in the perioperative period may negatively affect intestinal healing. The mechanism(s) responsible for this effect remain to be elucidated.
